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RESEARCH MEMORANDUM

EFFECTS OF SPOILER AILERONS ON THE AERODYNAMIC LOAD
DISTRIBUTION OVER A 45° SWEPTBACK WING AT
MACH NUMBERS FROM 0.60 TO 1.03

By Joseph M. Hallissy, Jr., F. E. West, Jr.,
and George Liner

SUMMARY

An investigation was conducted with 73-percent-semispan inboard
spoiler ailerons, projecting 4 percent of the local chord from the wing
surface, and located at the TO-percent-chord line of a 45° sweptback-
wing—fuselage cambination. The model consisted of a wing with an
aspect ratio of 3.98, taper ratio of 0.61, and NACA 65A006 airfoil sec-
tions parallel to the plane of symmetry in combination with a fuselage
of fineness ratio 10. Pressure data were measured on the wing and
spoiler at several spanwise stations at Mach numbers from 0.60 ( Reynolds

number 5.1 x 106) to 1.03 (Reynolds number 6.2 x 106) for angles of
attack that usually extended to 20° or more.

Upper-surface spolilers resulted in normal-force decrements which
were largest in the 0.6 to 0.8 semispan area of the wing for low and
moderate angles of attack. Most of this decrement was associated with
increased upper-surface pressures ahead of the spoiler, but some of the
decrement resulted from decreased lower-surface pressures. The addition
of a gap through the wing behind the spoiler relieved the low pressure
behind the spoiler on the upper surface and thus increased the rolling
effectiveness. Lower-surface spoilers give reversed rolling-mament
effectiveness at angles of attack higher than about 10° primarily because
there is a large decrease in pressure behind the spoiler on the lower
wving surface at the higher angles of attack.

Spoiler loads were highest at the inboard end. For upper-surface
spoilers, the loads on the spoiler decreased rapidly with increasing
angle of attack, but for lower-surface spoilers they increased to the
highest test angles of attack.
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INTRODUCTION

Recently there has been considerable interest in spoiler ailerons,
primarily because they maintain rolling effectiveness through the tran-
sonic speed range (ref. 1) and because they provide high reversal speeds
for thin flexible wings. 1In addition, they can be designed to have very
low hinge moments. However, very few pressure data for spoliler config-
urations have been available at high subsonic and transonic speeds
(refs. 2 and 3) for load calculations or for studying the effects of
spoilers on the flow about a wing.

Hence, a systematic test program has becn initiated in the Langley
16-foot transonic tunnel to provide pressure data for various spoiler
configurations in the transonic speed range at moderately high Reynolds
numbers for a large angle-of-attack range. The initial investigation
of this program was conducted on a 6-percent-thick 45° sweptback-wing—
fuselage combination at O° yaw and Mach numbers from 0.60 to 1.03. The
spoilers investigated on this wing were of the retractable type, and
they extended along the TO-percent-chord line from the fuselage (14 per-
cent of the wing semispan) to 87 percent of the wing semispan and had a
projection from the wing surface of 4 percent of the local wing chord.

This paper presents results for some of the configurations that
vere tested during the initial investigation. The effects of upper-
and lower-surface spoilers and of a wing gap behind the spoilers are
shown on the wing normal -force characteristics, chordwise pressure dis-
tributions, span-load distributions, and centers of load. Also included
are tabulated wing static-pressure coefficients, spoiler pressure dis-
tributions, and spoiler span-load distributions. A limited amount of
sumary data from this investigation has already been published (ref. 4),
and six-camponent force data obtained simultaneously with the pressure
data are presented in reference 5.

SYMBOLS
b wing span
¢ section wing chord
(] average wing chord

c'! wing mean aerodynamic chord
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wving-section pitching-moment parameter with moment about
the 25-percent position of the mean aerodynamic chord,

Sfi. ! P, - ;:)Q?l - lbcﬁ&
cc' J, ( L™ "U\e " ¢/7c
wing-section normal-load parameter,

1
&/ (- )

spoiler-section load parameter which acts parallel to
plane of symmetry and perpendicular to h at a
given spanwise station,

2 - P d&
./ R h

wing-panel normal-force coefficient,
1.0
/ e Sa¥
0.1

rolling-moment coefficient

length of chord of exposed front face of spoiler at
any spanwise station

(h at 0.14b/2) + (h at 0.87b/2)

average h, >

free-stream Mach number

pressure coefficient, P-Po

local static pressure

free-stream static pressure

free-stream dynamic pressure

distance from wing leading edge at a given spanwise
station, positive downstream
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X distance from wing leading edge at a given spanwise
station to line perpendicular to plane of symmetry
and passing through 25-percent position of mean
aerodynamic chord, positive downstream

5%2 longitudinal location of wing-section center of pressure,
1l
X)X
fo (PL - PU)(O°25 - c)dc
0.25 - 3 , fraction of section
n
wing chord

e

longitudinal location of wing-panel center of pressure,

1.0 o2
) g
0.135 (cm cc ') Sk
0.25 -
Cy

» fraction of mean aerodynamic chord

spanwise distance from the plane of symmetry

;%5 lateral location of wing-panel center of pressure,
l-o
oz E D5
0.135 T/\b/2/ bv/f2
fﬁ; , fraction of semispan
2z distance measured from wing surface along h at a given

spanwise station (not perpendicular to x- and y-axes)

a angle of attack of fuselage center line relative to
test-section center line

AP change in P across spoiler at a glven spanwise
station (P at 0.65¢ - P at 0.75c¢)

Subscripts:

F forward surface of spoiler
L lower surface of wing

R rear surface of spoiler

U upper surface of wing

CONFIDENTIAL
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APPARATUS AND TESTS

Tunnel.- The investigation was conducted in the Langley 16-foot
transonic tunnel, which is a single-return wind tunnel having a slotted
throat of octagonal cross section. The maximum variation of average
Mach number was sbout t0.002 along the test-section center line in the
vicinity of the model. Additional detalls of the test-section config-
uration and of the calibration of the tunnel are given in reference 6.

Model.- Figures 1 and 2 show details of the basic model and the
spoiler configurations included in this investigation. The steel wing
had NACA 65A006 airfoil sections parallel to the plane of symmetry,
quarter-chord line sweep of 45°, taper ratio of 0.61, and aspect ratio
of 3.98. The wing was designed to have no incidence, dihedral, or
twist and was mounted in a midwing position on the fuselage. The fuse-
lage, constructed of steel, had a fineness ratio of 10, and the quarter
chord of the wing mean aerodynamic chord was located at the longitudinal
position of the maximum fuselage diameter.

The spoilers for these tests (fig. 1) simulated retractable spoiler-
aileron configurations pivoted about the 50-percent-chord line. These
spollers were located along the TO-percent-chord line of the wing and
vere projected four percent of the local wing chord from the wing sur-
face. They extended from the fuselage (14 percent of the wing semispan)
to the 87-percent wing semispan and had a sweep angle of 41.6°. Spoilers
vere tested without and with a gap in the wing behind the spoiler. The
gap, when used, extended outboard from the l15-percent to the 87-percent
ving semispan station. The lower-surface spoiler with gap configuration
vas obtained by inverting the model with upper-surface spoiler and wing
gap. The oppositely deflected spoiler configuration had one spoiler
mounted on the upper surface of the left wing and one on the lower sur-
face of the right wing with no gap behind the spoilers.

Figure 2 shows location of the wing static-pressure orifices which
vere distributed over the left wing at seven spanwise stations. The

orifices at the inboard station (a,verage E—}'E = 0.155) vere actually

located on the fuselage 0.1 inch from the wing surface. Pressure ori-
fices were also located on the front and rear surfaces of the left wing
spoiler and in the wing gap behind this spoiler at five spanwise sta-
tions as shown in figure 2. The pressures were transmitted by means of
small tubing through the model support system to mercury manometer
boards.

Model support system.- A cantilever strut, described in reference 7,
supported the sting-mounted model. The model was near the tunnel center
line at all angles of attack. A straight coupling between the sting and

CONF IDENTIAL
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the model permitted variations in the angle of attack from -4° to 15°;
a 10° coupling extended the range.

Tests.- Tests were generally made for all configurations at angles
of attack of -2° to 26° for Mach numbers from 0.60 to 0.90. At Mach
numbers from 0.94 to 1.03, the maximum angle of attack of these tests
was limited by sting-support stresses or available tunnel power.

The Reynolds number variation over the Mach number range of the
tests is shown in figure 3.

DATA REDUCTION

Data reduction methods.- Extensive use of a punched-card system
greatly facilitated the reduction of data. Pressure data recorded with
manometer board cameras were first transferred to cards by the use of a
commercially available manual film reading device coupled to a card-
punch machine. The data were then processed on electronic computing
machines to obtain individual pressure coefficients as well as section
normal-force and pitching-moment coefficients (using a rectangular step
integration). The data cards were then fed to an automatic plotting
device for the preparation of the chordwise pressure plots of this paper
and were also used to prepare the tables of pressure data.

Corrections.- The angles of attack presented include an adjustment
for an incremental angle determined from static calibration of the model
angular deflection as a function of pitching moment and normal-force
loads. Based on the repeatability of deflection measurements made during
the static calibrations, the estimated maximum error of the angle-of-
attack measurements is +0.1°. No corrections were made for tunnel-flow
angularity. The cumulative effect of model asymmetry and tunnel flow
angularity is shown to be small by the basic model normal-force curves
in figure 5. No corrections were made for sting interference. Sting
interference was not considered of importance for these tests because
all lateral-control configuration changes were made on the wing, which
was relatively remote from the sting. The data have not been corrected
for tunnel boundary-interference effects since the results of refer-
ence 8 indicate that these effects would be small.

In calculating wing section and panel coefficlents, the effect of
the forces on the spoiler was neglected. The magnitude of the error
thus introduced was checked and found to be within the accuracy of the
data.

CONFIDENTIAL
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RESULTS AND DISCUSSION

Static-pressure measurements are given in coefficient form for the
basic wing and the several spoiler configyrations as follows:

Table Static-pressure coefficients for - Page
I Basic wing 19 to 43
II Wing with upper-surface LYy to 63

spoiler (no gap)

II1 Wing with upper-surface 64 to 88
spoiler (with gap)

v Wing with lower-surface 89 to 104
spoiler (with gap)

Each table shows the pressure coefficients at seven spanwise wing
stations for various Mach numbers and angles of attack. Same of the
high-angle-of -attack data for the upper-surface spoiler without gap and
for the lower-surface spoiler with gap have been omitted since these
configurations are of less interest because of loss of effectiveness or
reversal at high angles of attack. No data have been tabulated for the
oppositely deflected spoiler configuration, since, as will be shown,
these were only slightly different from the data presented in table II.

In discussing the test results, some of the more important effects
of spoiler operation on panel and section characteristics are first
noted. Subsequent discussion makes use of chordwise pressure distribu-
tions to illustrate the manner in which the various spoiler configura-
tions affect the air flow and the load distribution over the swept wing.
Finally, the effect of a lower-surface spoiler on the opposite wing
loading is considered and loads on the spollers are discussed.

In figures which show comparisons at one angle of attack, the angle
of attack given is an average for the compared configurations. This
average does not differ more than $0.15° from the extreme value for any
of the compared configurations.

Effect of Spoiler on Wing-Panel loading

Since the rolling-moment coefficients produced by the spoiler con-
figurations are given in reference 5, there was no need to integrate the
present pressure data for rolling moment. 1In order to be certain,

CONFIDENTIAL
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however, that such integrations would indicate the same rolling moments
as were measured with the strain-gage balance, integrations have been
carried out for a few pressure-data points. A camparison with the bal-
ance measurements is made in figure 4. Even though the chordwise pres-
sure force rolling-moment component (about the stability roll axis) has
been neglected, as have crossover effects from the left wing to the right
wing, agreement between the two sets of data is generally excellent. It
is concluded, therefore, that an analysis of the pressure measurements
made in these tests will help to provide a correct understanding of the
functioning of a spoiler as a lateral control.

Figure 5 shows the variation of integrated wing normal-force coef-
ficient with angle of attack at all test Mach numbers for the basic wing
and three spoiler configurations. As in reference 5, the upper-surface
spoilers caused decreases in normal-force coefficient which were largest
in the region of U4° to 6° and which became small at the higher angles of
attack. The presence of a gap through the wing behind the spoiler pro-
vided an additional decrement which was more or less constant throughout
the angle-of-attack range. The beneficial effect of such a wing gap at
transonic speeds has been previously shown. (For example, see ref. 9.)
A lower-surface spoller provided an increase in wing normal force at the
lower angles of attack but a reversal was indicated for angles of attack
above about 10° as was also shown in reference 5.

The increments in normal -force coefficient in figure 5 caused by
operation of the spoiler were about twice the magnitude of the 1lift-
coefficient increments shown on a similar figure in reference 5 for the
same configurations. The reason for this effect was that the 1lift coef-
ficient in reference 5 was based on total wing area, whereas the normal-
force coefficient in this report was based on the semispan wing area.

Figures 6 and 7 show, respectively, the longitudinal and lateral
locations of wing-panel center of pressure for the basic wing and three
spoiler configurations at all test Mach numbers. These curves show dis-
continuities at some low angle of attack in both longitudinal and lateral
center-of-pressure locations. These discontinuities indicate that, for
an upper-surface spoiler, there was extensive positive loading inboard
and negative loading outboard for the condition of zero panel 1ift.

Changes in center-of-pressure location caused by operation of the
upper-surface spoiler were generally less for the spoiler with no gap
than for the spoiler with a gap. At moderately high angles of attack, the
center-of -pressure locations were affected only slightly by the spoilers,
although the spollers were still effective in reducing normal force at
these angles. (See fig. 5.)
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Effect of Spoiler on Wing Section Loadings

~Figure 8 presents the semispan load distributions for the basic wing
and the three spoiler configurations at all test Mach numbers. For the
lower angles of attack, when the spoilers were most effective, the impor-
tant loading changes caused by the spoiler occurred outboard of 0.3 semi-
span, the largest decrements being in the region between 0.6 and 0.8 semi-
span. This large influence over the outboard regions of the wing was the
cause of the inboard position of the panel center of pressure for upper-
surface spoilers (or outboard for lower-surface spoilers) at low positive
load conditions. The loss in effectiveness for the upper-surface spoilers
as the angle of attack was increased beyond 6° 1s evident as a reduction
in the load decrement beginning near the tip.

Addition of a gap through the wing behind the spoiler produced an
added decrement in section normal-load parameter which extended across
most of the semispan.

Figure 9 shows the wing-section center-of-pressure locations across
the span of the wing at all test Mach numbers. For a swept wing the line
of section centers of pressure tends to be somewhat less swept than the
wing itself as shown by the basic wing data in this figure. The effect
of adding the upper-surface spoilers was to exaggeraie this tendency, the
local center of pressure being farther rearward inboard and farther for-
ward outboard. This effect was most noticeable at low angles of attack
(o = 4° and 6°) but rapidly decreased at higher angles for two reasons:
The spoiler decrements were smaller in absolute magnitude at high angles
of attack and were a smaller proportionate amount of the total normal
force.

The lower-surface spoiler at low angles of attack had the opposite
effect, that is, the center of pressure was more forward inboard and more
rearward outboard at low angles of attack (a = 4°) than it was for the
basic wing.

Figure 9 also shows that the section center-of-pressure locations
moved ahead of the leading edge at low angles of attack for the upper-
surface-spoiler configurations. This movement occurred whenever the
section normal force approached zero while a finite section moment
remained.

Chordwise Pressure Distributions

In the discussion which follows, selected chordwise pressure dis-
tributions for the basic wing and the three spoiler configurations are
used in conjunction with unpublished tuft photographs obtained on one
spoiler configuration (upper-surface spoiler - no gap) to permit the
study of the effect of the spoilers on the flow over the wing.

CONFIDENTIAL
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Upper-surface spoiler without a gap.- Figure 10 shows the chordwise
pressure distributions obtained at seven spanwise stations at several
Mach numbers. For a Mach number of 0.60 (fig. 10(a)) and low angles of
attack, the presence of the spoiler resulted in increased pressures on
the upper surface ahead of the spoiler. The highest pressures were
immediately ahead of the spoiler, the peak being in the corner ahead of
the spoiler-fuselage juncture. This peak was sharp, but elsewhere along
the spoiler face a relatively flat peak about 0.1l chord in width indi-
cated a separated flow region. Tuft studies confirmed this result and
showed that the flow on the wing surface in this region was toward the
tip and parallel to the spoiler.

Behind the spoiler on the upper surface the pressures (fig. 10(a))
and tuft studies also indicated a separated flow condition. Immediately
adjacent to the fuselage, the separation extended only a few percent of
the chord behind the spoiler and was followed by camplete recovery of the
flow. Since the expansion or turn made by the air over the top of the
spoiler was very abrupt, the pressures reached at this point were quite
low, being about the same as those reached at the leading edge at high
angles of attack. Samewhat farther out on the wing (at 0.25 semispan),
the extent of the separation was greater, recovery being made at about
the trailing edge. Because of the increased extent of the separated
region, the air turned down toward the surface less abruptly than at the
more inward locations, and the pressures reached were not as low. Out-
board of 0.25 semispan, camplete separation of the flow behind the spoiler
was indicated by the flat pressure distributions. The pressure in this
region steadily increased toward the wing tip but was always less than
for the basic wing.

Apparently the flow about the spoiler was somewhat similar to that
described in reference 10 for a two-dimensional supersonic case and as
illustrated in figure 11 but combined with the circulatory flow patterns
in the boundary layer was the outboard movement of the boundary layer in
the regions ahead and behind the spoiler. The pressure distributions
were somewhat similar to the two-dimensional case, and the circulation
in the separated areas also appeared to be present. Ahead of the spoiler
this circulation was evidenced by the spoiler face pressure distributions
to be discussed later, whereas behind the spoiler the direction of the
tufts indicated that the air on the wing surface was moving toward the
spoiler (in addition to moving outboard). Since this circulation was
combined with a spanwise movement, the flow may be described as two

vortex-type motions, one ahead of the spoiler and the other behind the
spoiler.

The lower-surface pressures on the wing, as shown in figure 10(a),
were not changed in the inboard areas because of the presence of a spoiler
on the upper surface. At about 0.30 semispan, however, the separated area
behind the spoiler on the upper surface reached the trailing edge and from

CONFIDENTIAL
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this point on the semispan to the tip the pressures on the lower surface
were reduced because of the influence of the upper-surface flow. Out-
board of 0.55 semispan the reduction in lower-surface pressure extended
all the way to the leading edge.

As the angle of attack was increased, it was spparent that the
effect of the spoiler on the wing did not change appreciably until angles
of attack were reached where the flow separation on the basic wing began
to progress inboard from the tip. (See fig. 10(a).) At these angles of
attack, the spoiler effectiveness was reduced, as would be expected,
since raising the spoiler into a separated flow region where the air is
already moving parallel to the spoiler should not have any effect. (A
discussion pertaining to the flow over the basic wing may be found in
ref. 11.)

As the Mach number was increased from 0.6 at zero angle of attack
(fig. 10(a)), there was no change apparent in the way which the spoiler
affected the flow until about Mach number 1.0 (fig. 10(e)). Beginning
at this speed the lower-surface influence was less extensive, being gen-
erally confined to the area behind the O0.70-chord line. At higher angles
of attack the upper-surface influence ahead of the spoilers was also less
extensive for the higher speeds. This effect was mainly noticeable over
the inboard stations and was probably caused by the presence of a shock
wvave associated with the separation point ahead of the spoiler. The
presence of this shock wave would have opposed the transmission of the
pressure increase ahead of this point except outboard where the boundary
layer was considerably thickened.

The effects of these pressure changes on the rolling moment were as
follows: The pressures on the upper surface ahead of the spoiler and on
all the lower surface changed in a direction to decrease the 1ift and
thus contribute to the rolling moment, whereas the pressure decreases
behind the spoiler on the upper surface were adverse. Inboard this
adverse contribution was enough to completely offset the small favorable
contribution which occurred at these stations. Thus, the span load dis-
tributions (fig. 8) show the largest normal-force decrements to have
occurred outboard (between 0.6 and 0.8 semispan) and that the contribu-
tion of that part of the wing inboard of 0.3 semispan was generally
unfavorable. These pressure changes also indicate the reasons for the
discontinuities in the panel center-of.pressure locations shown in fig-
ures 6 and 7. Zero panel 1lift occurred at a small positive angle of
attack and for each angle of attack the unaffected inboard sections were
positively loaded, whereas the outboard.sections, where the spoiler was
most effective, were negatively loaded.

The ineffectiveness of the spoiler inboard of 0.3 semispan is not
too important since the roll moment arm is small, but the large pressure
difference across the spoiler near the fuselage is undesirable since it

CONFIDENTIAL
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contributes heavily to the drag. These adverse roll and drag effects
inboard may indicate that an improvement could be obtained by removing
the inboard part of the spoiler, but there is a likelihood that the
region of adverse effects would then move outboard. In other words,
the trouble may be associated with the inner end of the spoiler more
than with the inboard area of the wing.

Effect of a gap through the wing behind an upper-gurface spoiler.-
Figure 12 compares chordwise pressure distributions of the basic wing
with those of the spoiler-with-gap configuration throughout the Mach
number and angle-of-attack range, and figure 13 compares the configura-
tions with and without gap at a few points.

It appeared that the gap served to relieve the pressure difference
between the upper- and lower-surface tralling-edge regions but its pres-
ence did not affect the extent of flow separation behind the spoiler.
Evidently, the quantity of flow through the gap was too small to affect
the extent of flow separation or the flow was not directed through the
gap properly to decrease the extent of flow separation.

At all angles of attack and Mach numbers the gap was effective in
increasing the upper-surface pressures behind the spoiler. The gap was
also effective in increasing upper-surface pressures ahead of the spoiler,
but this effect was very small at low angles of attack. Both of these
effects increased the rolling effectiveness. On the lower surface,
effects of the gap were limited to localized pressure changes.

Lower-surface spoiler with a gap.- The effect of a lower-surface
spoller ahead of a wing gap on the wing pressures is shown in figure 14.
At the lower angles of attack, the lower-gsurface spoiler was equivalent
in its effect on the flow to the upper-surface spoiler, the basic con-~
figuration being completely symmetrical about the chord plane. The
appropriate part of the discussion on upper-surface spoilers therefore
applies. As the angle of attack was increased, however, the lower-surface
spoiler became ineffective and above about 10° produced losses in lift
rather than increases. The changes leading to these losses in 1lift were
as follows:

(1) The region of increased pressure ashead of the spoiler on the
lower surface became less extensive.

(2) Behind the spoiler, the lower-surface pressures became much less
than corresponding basic wing pressures and hence there was a large reduc-
tion in normal force over the trailing-edge region.

(3) When the angle of attack was reached where separation existed

on the upper surface, the influence of the lower-surface spoiler in
reducing upper-surface pressures vanished.

CONFIDENTIAL
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Thus, the two favorable influences noted for upper-surface spoilers
both became less for the lower-surface spoiler as the angle of attack was
increased, whereas the unfavorable influence became greater. This
increase with angle of attack of the unfavorable trailing-edge loading
did not occur with the spoiler on the upper surface.

Oppositely Deflected Spollers

A configuration was tested in which the left wing had an upper-
surface spoiler and the right wing had a lower-surface spoiler. There
was no gap through the wing behind either spoiler.

Camparisons showing the effect of the lower-surface spoiler on span-
load distributions for the wing having the upper-surface spoiler are pre-
sented in figure 15 for three representative Mach numbers. Study of this
figure and unpublished comparisons at other Mach numbers showed that the
presence of the right-wing lower-surface spoiler reduced the effectiveness
of the left-wing upper-surface spoiler at an angle of attack of 0° for
Mach numbers above 0.90. For all other conditions the reverse was true,
although the differences appeared to be small in every case.

At about 11° there were inconsistencies in the span loadings through-
out the speed range, possibly because at this angle of attack the extent
of the separated flow on the wing was not always consistent. Small dif-
ferences in surface conditions on the wing could probably have varied the
extent of separation at this angle of attack enough to account for the
differences shown.

In order to determine the magnitude of the rolling mament repre-
sented by the differences shown in the span-load plots of figure 15, the
differences were plotted to a larger scale and integrated for mament
about the plane of symmetry. The rolling-mament-coefficient increments
so obtained in general were less than +0.0016, with no consistent Mach
number effects discernible. Thus, the carry-over effects between wings
vere quite small, probably because of the inability of the spoiler to
affect the inboard wing section loads to any great extent. This indica-
tion should lend credence to the use of reflection-plane test techniques
for obtaining data on this type of control on swept wings.

Chordwise pressure differences have been compared at one speed only
(fig. 16) to show the effect of adding the lower-surface spoiler to the

opposite wing. The generally small differences were typical of all
speeds.
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Spoller Loadings

Pressures at each spanwise station on the spollers were integrated
in such a manner as to obtain the pressure force coefficient normal to
the spoiler chord line as indicated in the list of symbols. Figure 17
shows distributions across the wing span of these spoiler section normal-
force coefficients for the three spoiler configurations weighted for
spoiler height.

For upper-surface spoilers, the highest loads occurred at zero
angle of attack. As the angle of attack was increased, the spoiler
loads, especially near the tip, fell rather rapidly. At about an angle
of attack of 11° , when flow separation existed over a considerable por-
tion of the outboard wing area (see figs. 10 and 12), the spoilers were
unloaded outboard of 0.40 semispan for all Mach numbers. This loss of
spoiler load contrasted with the wing span-load distributions (fig. 8)
which show that 1ift decrements caused by the spollers extended much
farther outboard at this angle of attack. Apparently, the inboard por-
tions of the spoiler had an influence on the separated flow over the
outboard wing areas. At higher angles of attack, where flow separation
extended over more of the wing, this influence diminished.

Addition of & gap through the wing behind the spoiler resulted in
a reduction of the loads on the spoiler for nearly all conditions. Fig-
ure 18, which makes a few comparisons of pressures on the upper-surface
spoiler with and without gap, shows that this reduction resulted from
increases in the low pressure on the back of the spoiler. These increases
were probably due to the flow of high pressure air from the lower surface
through the gap. The largest relief, as might be expected, was inboard
where the pressures behind the spoller were lowest.

Figure 18 shows that, at 0.25 semispan for angles of attack up to
16° and at other stations for low angles, the front face nressures on
the spoiler were somewhat lower in the center of the spoiler than at the
top and bottom. This type of pressure distribution is similar to that
shown in reference 12 and probably indicates that there was a circulation
of the separated air ahead of the spoiler as illustrated in figure 11,
since such a circulation would result in higher velocities (and lower
pressures) near the center than at the top or bottom.

For a lower-surface spoiler, figure 17 indicates that the loads con-
tinued to increase to the highest angles of attack of these tests. Fig-
ure 19, which compares the pressures on upper- and lower-surface spoilers,
shows that the load on the lower-surface spoiler increased with angle of
attack because the pressure coefficient on the front face of the spoiler
remained at an approximately constant positive value through the angle-
of -attack range, whereas the rear face pressure coefficlent became more
negative with increasing angle of attack.
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Inasmuch as the spoller pressure distributions were quite rectan-
gular for most conditions, it would seem that a satisfactory measure of
the spoiler loads could be obtained from a pair of orifices at each sta-
tion located in the wing at the base of the spoiler, one orifice being
immediately ahead of the spoiler and the other immediately behind. 1In
order to test this supposition, the loads on the spoiler have been deter-
mined by this method at two speeds, Mach number 0.60 and 0.98, by using
the closest available wing orifices, which were at 0.65- and 0.75-chord
locations. The pressure at the 0.65-chord location was assumed to be
the same as that on the front face of the spoiler and the pressure at
0.75=-chord location was assumed to be the same as that on the rear face.
The results are shown by the symbols in figures 17(a) and 17(f). Agree-
ment was good for most conditions but would probably have been better if
orifices closer to the spoiler had been available. This is especially
true at the inboard stations where the extent of the separated flow ahead
and behind the spoiler was small. It is therefore believed that a pair
of properly located orifices on the wing at each station would give loads
on this type spoller as good as those obtained in the present tests with
seven orifices on the spoiler at each station.

CONCLUSIONS

An investigation was conducted with T73-percent-semispan inboard-
spoiler ailerons having heights of 4 percent of the local chord and
located on the 7O-percent-chord line of a 45° sweptback-wing——fuselage
combination. Pressure data were measured on the wing and spoiler at
several spanwise stations at Mach numbers from 0.60 (Reynolds num-

ver 5.1 x 106) to 1.03 (Reynolds number 6.2 x 106) for angles of attack
that usually extended to 20° or more. The results of the investigation
indicate the following conclusions:

(1) Operation of upper-surface spoilers at low and moderate angles
of attack produces normal -force decrements which are largest in the
0.6 to 0.8 semispan area of the wing. Most of the normal-force decre-
ment 1s associated with increases in the upper-surface pressures ahead
of the spoiler due to a deceleration of the air approaching the spoiler.
An additional contributing factor is a decrease in lower-surface pres-
sures resulting from transmission of upper-surface pressure changes
around the trailing edge.

(2) Rolling-moment effectiveness is reduced for upper-surface spoilers

at high angles of attack because they do not have much effect on the sepa-
rated flow which occurs on the basic swept wing at these angles of attack.

(3) A gep through the wing behind the spoiler is effective in
increasing the rolling-moment effectiveness because it permits a relief
of the pressure difference between the upper- and lower-wing surfaces.
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(4) Lower-surface spoilers give reversed rolling-moment effective-
ness at angles of attack higher than about 10° primarily because there
is a large decrease in pressure behind the spoller on the lower-wing
surface at the higher angles of attack.

(5) A lower-surface spoiler has only a small effect on the rolling-
moment effectiveness of a spoiler located on the upper surface of the
opposite wing.

(6) Spoiler section loadings are highest at the inboard end. For
upper-surface spoilers, the spoiler loading decreases rapidly with
increasing angle of attack, especially outboard. For a lower-surface
spoiler, however, the spoiler loading increases with angle of attack.

(7) Spoiler section load at any point along a spoiler of this type
can be determined by measurement at the wing surface of the pressure
drop across the spoiler.

Langley Aeronautical Laboratory,
National Advisory Camittee for Aeronautics,
Langley Field, Va., March 8, 195k,
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BABIC WING

TABLE 1

PRESSURE COEFFICIENT, P, AT:

PERCENT
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TABLE 1

PRESSURE COEFFICIENT, P, AT:
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